Role of TGF-beta signaling in extracellular matrix production under high glucose conditions.
Hyperglycemia has been shown to play an important role in diabetic renal and vascular complications. Some studies show that high glucose may mediate diabetic complications by stimulating extracellular matrix (ECM) production. We hypothesize that this may be mediated by activating transforming growth factor-beta (TGF-beta)/Smads signaling. Renal and vascular cells were cultured under high glucose conditions in the presence or absence of a neutralizing TGF-beta antibody and examined for activation of Smad signaling and collagen production. The regulating role of Smad signaling in high glucose-induced collagen synthesis was determined by inducing overexpression of the inhibitory Smad7 in a stable Smad7-expressing tubular cell line. Activation of Smad signaling, as evidenced by Smad2 and Smad3 nuclear translocation and phosphorylation, was found in renal and vascular cells at 24 hours after high glucose stimulation (up to 55% increased). This was associated with de novo synthesis of collagen I at day 3 by all cell types. High glucose-induced activation of Smad signaling and collagen synthesis were TGF-beta-dependent since these were associated with a significant increase in TGF-beta production at 24 hours (P < 0.01) and were blocked by a neutralizing TGF-beta antibody. Importantly, overexpression of Smad7 resulted in marked inhibition of high glucose-induced Smad2 and Smad3 activation and type I collagen synthesis, suggesting that Smad signaling is a key pathway in high glucose-mediated renal and vascular scarring. High glucose acts by activating the TGF-beta dependent Smad signaling pathway to stimulate collagen synthesis by renal and vascular cells. Smad signaling plays a critical role in regulating high-glucose-mediated diabetic renal and vascular complications.